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MULTILAYERED CERAMIC SUBSTRATE AND 
PRODUCTION METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a multilayered ceramic substrate and to a 
production method therefor. More particularly, the present invention relates to a 
multilayered ceramic substrate having a cavity for mounting and holding an 
electronic component therein, and to a production method therefor. 

2. Description of the Related Art 

In recent years, there has been an increasing demand for smaller and lighter 
electronic components having more functions, higher reliability, and the like. 
Consequently, there has been a need to increase the density of wiring on substrates. 

In order to respond to the need for such an increase in density of wiring of the 
substrates, multilayered ceramic substrates produced by stacking a plurality of 
ceramic green sheets having conductive films and the like printed thereon, and by 
pressing and firing the ceramic green sheets, have been developed. 

In order to reduce the size and thickness of the multilayered ceramic substrate 
itself, it is effective to form, in the multilayered ceramic substrate, a cavity for 
mounting an electronic component therein. 

In such a multilayered ceramic substrate having a cavity, however, an end of 
a bottom face portion of the cavity is prone to cracking during the firing process. It 
is thought that such cracking occurs because it is difficult, due to the existence of the 
cavity, to press the entire green-sheet stack, which becomes a multilayered ceramic 


substrate, at a uniform pressure before the firing process, causing residual stress to be 
applied to the end of the bottom face portion of the cavity. 

In order to solve the above problem, a method is disclosed in Japanese 
Unexamined Patent Application Publication No. 9-39160, in which a green-sheet 
stack having a cavity is vacuum-packed while being sandwiched between a pair of 
rubber sheets, and is subjected to isostatic pressing in a stationary fluid. 

Japanese Unexamined Patent Application Publication No. 9-181449 discloses 
a method in which a green-sheet stack is pressed by an elastic member having a 
protuberance of the same shape as that of the cavity. 

While both of the above methods aim to apply uniform pressure to the entire 
green-sheet stack, this is, in reality, quite difficult. For example, in the method 
disclosed in Japanese Unexamined Patent Application Publication No. 9-181449, it is 
necessary to minutely and strictly define the shape and properties of the elastic 
member to be used. Furthermore, it is almost impossible for any type of elastic 
member to apply a completely uniform pressure to the entire green-sheet stack. 

That is, it is almost impossible to overcome the problem of the locally 
remaining stresses in the methods which attempt to apply a uniform pressure to the 
green-sheet stack having a cavity in the pressing process. For this reason, shrinkage 
stress is imposed in the firing process. Under the present circumstances, it is 
impossible, depending on the way in which the shrinkage stress is imposed, to 
completely prevent cracking from at the periphery of the bottom face portion of the 
cavity. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a method for 
producing a multilayered ceramic substrate which can overcome the above-described 


problems, and to provide a multilayered ceramic substrate obtained by the production 
method. 

In order to achieve the above object, according to an aspect of the present 
invention, there is provided a method for producing multilayered ceramic substrate 
having a cavity including the steps of: forming a first ceramic green sheet having an 
opening for forming a cavity, and a second ceramic green sheet having no opening at 
least at a position corresponding to the opening; forming a green-sheet stack having a 
cavity defined by the opening by stacking the first ceramic green sheet and the 
second ceramic green sheet so that an aperture of the cavity is placed on at least one 
end face of the ceramic green sheets in the sheet-stacking direction; firing the green- 
sheet stack; and preparing a shrinkage-reducing material for reducing shrinkage 
stress produced at an interface between the first ceramic green sheet and the second 
ceramic green sheet, wherein the step of forming the green-sheet stack includes the 
step of making a shrinkage-reducing layer of the shrinkage-reducing material along 
the boundary interface between the first ceramic green sheet and the second ceramic 
green sheet so that the shrinkage-reducing layer is exposed at the bottom end of the 
inner peripheral surface of the cavity. 

In this case, shrinkage stress produced at the end of the bottom face portion of 
the cavity during the firing process is reduced, and cracking will not occur thereat. 
This makes it possible to produce a highly reliable multilayered ceramic substrate. 

Furthermore, since shrinkage stress produced at the end of the bottom face 
portion of the cavity during the firing process is reduced, as described above, it is 
unnecessary to minutely and strictly define the shape and properties of an elastic 
member if used in the step of pressing the green-sheet stack before firing. This 
makes it possible to reduce the equipment cost in the pressing step, and to enhance 
the efficiency of the pressing step. 


Preferably, the shrinkage-reducing layer is exposed on the entire periphery of 
the inner peripheral surface of the cavity as a shrinkage-reducing pad. 

Preferably, the area of the shrinkage-reducing pad is more than or equal to 
about 10% of the area of the principal surface of the first ceramic green sheet. 
Alternatively, the shrinkage-reducing pad is formed in a layer having a planar shape 
substantially identical to that of the first ceramic green sheet along the interface 
between the first ceramic green sheet and the second ceramic green sheet. This 
allows the shrinkage-reducing pad to reliably achieve the effect of reducing 
shrinkage stress. 

Preferably, the thickness of the shrinkage-reducing pad is less than or equal to 
about 20% of the depth of the cavity. This makes it possible to prevent the side wall 
portion of the cavity from undergoing undesired deformation. 

Preferably, the shrinkage-reducing pad contains a glass component, and the 
softening temperature of the glass component is less than or equal to the shrinkage 
starting temperature of the first and second ceramic green sheets. 

Preferably, the first and second ceramic green sheets contain a glass 
component. In this case, it is preferable that the content of the glass component in 
the first and second ceramic green sheets is less than the content of the glass 
component in the shrinkage-reducing pad. This makes it possible to easily provide 
the shrinkage-reducing pad with required properties. 

Preferably, the glass component contained in the shrinkage-reducing pad 
includes a constituent of the same type as that of the glass component contained in 
the first and second ceramic green sheets. In this case, it is more preferable that the 
glass component contained in the shrinkage-reducing pad be of the same type as the 
glass component contained in the first and second ceramic green sheets. In this case, 
it is possible to increase the bonding strength at the interface between the shrinkage- 
reducing pad and the first and second ceramic green sheets after firing. 


The present invention is also applicable to a method for producing 
multilayered ceramic substrate using a so-called shrinkage-reducing process which 
substantially prevents a green-sheet stack from being shrunk in the direction of the 
principal surface thereof during a firing process. 

Preferably, the multilayered ceramic substrate production method further 
includes a step of preparing a shrinkage-inhibiting inorganic material having a firing 
temperature greater than that of a ceramic material contained in the first and second 
ceramic green sheet. In the step of forming the green-sheet stack, a shrinkage- 
inhibiting layer containing the shrinkage-inhibiting inorganic material is formed to 
cover end faces of the green-sheet stack in the sheet-stacking direction while the 
opening is formed so as to expose the aperture of the cavity therefrom. The step of 
firing the green-sheet stack is carried on a condition that the ceramic material 
contained in the first and second green sheets is fired. 

In this case, since first and second ceramic layers can be obtained from the 
first and second ceramic green sheets without substantially causing shrinkage in the 
direction of the principal surface, the multilayered ceramic substrate obtained is less 
prone to nonuniform deformation. For this reason, it is possible to prevent wiring 
conductors disposed in connection with the multilayered ceramic substrate from 
undergoing undesired deformation and strain, and to smoothly increase the density of 
the wiring conductors. 

The multilayered ceramic substrate production method may further include a 
step of removing the shrinkage-inhibiting layer after the firing step. 

The present invention is also applicable to a multilayered ceramic substrate 
obtained by the above-described production method. 

According to another aspect of the present invention, there is provided a 
multilayered ceramic substrate having a stack to be obtained by a firing process, 
wherein the stack includes a first ceramic layer having an opening for defining a 


cavity, a second ceramic layer having no opening at least at a position corresponding 
to the opening, the first ceramic layer and the second ceramic layer being stacked, 
and a cavity defined by the opening and having an aperture on at least one end face 
in the sheet-stacking direction, wherein a shrinkage-reducing pad is formed along at 
least a part of an interface between the first ceramic layer and a second ceramic layer 
so as to be exposed at the bottom end of the inner peripheral surface of the cavity, 
and wherein the shrinkage-reducing pad contains a shrinkage-reducing material for 
reducing shrinkage stress produced at the interface between the first ceramic layer 
and the second ceramic layer during the firing process. 

Further objects, features and advantages of the present invention will become 
apparent from the following description of the preferred embodiments with reference 
to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view illustrating a green-sheet stack which is obtained in 
the course of the procedure for producing a multilayered ceramic substrate by a 
production method according to an embodiment of the present invention. 

FIG. 2 is a sectional view illustrating a multilayered ceramic substrate which 
is obtained by firing the green-sheet stack 1 shown in FIG. 1. 

FIG. 3 is a sectional view illustrating a green-sheet stack which is obtained in 
the course of the procedure for producing a multilayered ceramic substrate by a 
production method according to another embodiment of the present invention. 

FIG. 4 is a sectional view illustrating a green-sheet stack which is obtained in 
the course of the procedure for producing a multilayered ceramic substrate by a 
production method according to a further embodiment of the present invention. 


DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a sectional view illustrating a green-sheet stack 1 which is obtained 
in the course of the procedure for producing a multilayered ceramic substrate by a 
production method according to an embodiment of the present invention. 

The green-sheet stack 1 has first and second end faces 2 and 3 at both ends in 
the sheet-stacking direction. A cavity 5 is formed with an aperture 4 placed at the 
first end face 2. 

In order to produce such a green-sheet stack 1, a plurality of first ceramic 
green sheets 7 each of which has an opening 6 for constituting the cavity 5, and a 
plurality of second ceramic green sheets 8 which have no opening are prepared. The 
first and second ceramic green sheets 7 and 8 may be made of glass ceramic 
containing a glass component. 

The green-sheet stack 1 is obtained by stacking the first ceramic green sheets 
7 and the second ceramic green sheets 8. More specifically, in order to obtain the 
green-sheet stack 1, a plurality of first ceramic green sheets 7 are stacked on a 
plurality of stacked second ceramic green sheets 8. 

In the green-sheet stack 1, a shrinkage-reducing pad 9 is formed along a part 
of an interface between the first ceramic green sheets 7 and the second ceramic green 
sheets 8. The shrinkage-reducing pad 9 is made of a shrinkage-reducing material 
which reduces shrinkage stress produced at the interface between the first ceramic 
green sheets 7 and the second ceramic green sheets 8 in a firing process which will 
be described later. For this reason, for example, the shrinkage-reducing pad 9 
contains a glass component. In order for the shrinkage-reducing pad 9 to properly 
serve the function of reducing shrinkage stress, it is preferable that the softening 
temperature of the glass component be lower than or equal to the shrinkage starting 
temperature of the first and second ceramic green sheets 7 and 8. 
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In a case in which the first and second ceramic green sheets 7 and 8 contain a 
glass component, as described above, it is preferable that the content of the glass 
component be less than the content of the glass component in the shrinkage-reducing 
pad 9. This is because the shrinkage-reducing pad 9 can properly reduce shrinkage 
5 stress. 

Furthermore, it is preferable that the glass component contained in the 
shrinkage-reducing pad 9 include a constituent of the same type as that of the glass 
j«) component contained in the first and second ceramic green sheets 7 and 8. This 

irf makes it possible to increase the bonding strength between the shrinkage-reducing 

ii i 5 

H 1 10 pad 9 and the first and second ceramic green sheets 7 and 8 at the interface 

M s therebetween after firing. In order to increase the bonding strength, it is more 

preferable that the glass component contained in the shrinkage-reducing pad 9 be of 
the same type as the glass component contained in the first and second ceramic green 
O sheets 7 and 8. 

h 15 The shrinkage-reducing pad 9 is placed at the bottom end of the inner 

peripheral surface of the cavity 5 so that it is exposed on the entire periphery of the 
inner peripheral surface of the cavity 5. Such a shrinkage-reducing pad 9 is formed 
by, for example, preparing a paste of shrinkage-reducing material, and screen- 
printing the paste on a predetermined position on the first ceramic green sheet 7 or 
2 0 the second ceramic green sheet 8. Alternatively, a green sheet may be made of a 

paste containing a shrinkage-reducing material, and may be placed at a 
predetermined position on the first ceramic green sheet 7 or the second ceramic green 
sheet 8. 

It is preferable that the area of the shrinkage-reducing pad 9 be more than or 
2 5 equal to about 10% of the area of the principal surface of the first ceramic green 

sheet 7. This is because the shrinkage-reducing pad 9 cannot satisfactorily work 
when the area thereof is less than about 10%. 
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It is preferable that the thickness of the shrinkage-reducing pad 9 be less than 
or equal to about 20% of the depth of the cavity 5. This is because the side wall 
portion of the cavity 5 is substantially deformed when the thickness of the shrinkage- 
reducing pad 9 exceeds about 20%. 

Although not shown, inner conductive films in the green-sheet stack 1 are 
formed along specific interfaces between the ceramic green sheets 7 and 8, via-hole 
conductors are formed through specific ones of the ceramic green sheets 7 and 8, and 
outer conductive films are formed on the end faces 2 and 3. 

Next, the green-sheet stack 1 is pressed in the sheet-stacking direction. In the 
pressing process, the peripheral portion of the cavity 5 is pressed, and the bottom 
face portion of the cavity 5 is pressed through the opening 4. More specifically, the 
green-sheet stack 1 is pressed by being subjected to hydrostatic pressing while being 
placed in a die (not shown) together with an elastic member such as silicon rubber. 

Next, the green-sheet stack 1 is taken out of the die, and is then fired. More 
specifically, in the firing process, a degreasing step is first performed in a normal 
oxidizing atmosphere to decompose and remove organic components contained in 
the green-sheet stack 1, and a main firing step is performed. 

In the above firing process, since the shrinkage-reducing pad 9 is exposed 
from the bottom end of the inner peripheral surface of the cavity 5 of the green-sheet 
stack 1, even when shrinkage stress is applied to the end of the bottom face portion 
of the cavity 5, when the temperature reaches the shrinkage starting temperature of 
the ceramic green sheets 7 and 8, the shrinkage-reducing pad 9 can be softened 
sufficiently. For this reason, the shrinking behavior of the first ceramic green sheets 
7 and the second ceramic green sheets 8 can be separated at the interface 
therebetween, and shrinkage stress to be applied to the end of the bottom face portion 
of the cavity 5 can be reduced. As a result, it is possible to inhibit that portion from 
being cracked. 
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By thus firing the green-sheet stack 1 shown in FIG. 1, a multilayered 
ceramic substrate 10 can be obtained in a proper state, as shown in FIG. 2. In FIG. 2, 
components corresponding to those in FIG. 1 are denoted by the same numerals, and 
redundant descriptions thereof are omitted. 

Referring to FIG. 2, the multilayered ceramic substrate 10 has a stack 13 in 
which first ceramic layers 1 1 obtained from the first ceramic green sheets 7 having 
openings 6, and second ceramic layers 12 obtained from the second ceramic green 
sheets 8 having no opening are stacked. The stack 13 also includes a cavity 5 which 
is defined by the openings 6 so that an aperture 4 is positioned on a first end face 2 in 
the sheet-stacking direction. 

A shrinkage-reducing pad 9 is formed along a part of an interface between the 
first ceramic layers 1 1 and the second ceramic layers 12 so that it is exposed from the 
entire inner peripheral surface of the cavity 5 at the bottom end of the inner 
peripheral surface. 

FIG. 3 is a sectional view illustrating a green-sheet stack 21 which is obtained 
in the course of the procedure for producing a multilayered ceramic substrate by a 
production method according to another embodiment of the present invention. 

In the green-sheet stack 21 shown in FIG. 3, the forming manner of a 
shrinkage-reducing pad 22 is different from that of the shrinkage-reducing pad 9 
shown in FIG. L That is, the shrinkage-reducing pad 22 is formed in a layer having 
a planar shape substantially identical to that of first ceramic green sheets 7 along an 
interface between the first ceramic green sheets 7 and second ceramic green sheets 8. 

In order to form such a shrinkage-reducing pad 22, for example, a green sheet 
is obtained by shaping a paste containing a shrinkage-reducing material into a sheet, 
and is inserted between the first ceramic green sheets 7 and the second ceramic green 
sheets 8 in the process of forming the green-sheet stack 21. 
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Regarding the forming manner of the shrinkage-reducing pad, while the 
shrinkage-reducing pad 9 shown in FIG. 1 and the shrinkage-reducing pad 22 shown 
in FIG. 3 do not protrude onto the bottom surface of the cavity 5, they may protrude 
thereon as long as they do not interfere with the mounting of electronic components 
in the cavity 5. 

FIG. 4 is a sectional view illustrating a green-sheet stack 31 which is obtained 
in the course of the process for producing a multilayered ceramic substrate by a 
production method according to a further embodiment of the present invention. In 
FIG. 4, components corresponding to those in FIG. 1 or 3 are denoted by the same 
numerals, and redundant descriptions thereof are omitted. 

The green-sheet stack 3 1 shown in FIG. 4 has a structure to which a so-called 
shrinkage-reducing process is applied, and includes components substantially 
identical to those in the green-sheet stack 21 shown in FIG. 3. 

In order to obtain the green-sheet stack 31, a shrinkage-inhibiting inorganic 
material, whose firing temperature is higher than that of a ceramic material contained 
in first and second ceramic green sheets 7 and 8, is prepared in addition to the first 
and second ceramic green sheets 7 and 8, and the shrinkage-reducing material for 
forming a shrinkage-reducing pad 9 described above. In this case, it is preferable 
that the first and second ceramic green sheets 7 and 8 contain a glass component. 
The shrinkage-inhibiting inorganic material is, for example, alumina powder. 

When producing the green-sheet stack 31, shrinkage-inhibiting layers 32 and 
33 containing the shrinkage-inhibiting organic material are formed so as to cover 
first and second end faces 2 and 3 in the sheet-stacking direction of the first and 
second ceramic green sheets 7 and 8. The shrinkage-inhibiting layers 32 placed on 
the first end face 2 define an opening portion 34 from which an aperture 4 of a cavity 
5 is exposed. Preferably, the opening portion 34 has a shape substantially identical 
to that of the aperture 4 of the cavity 5. 
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The above-described shrinkage-inhibiting layers 32 and 33 can be formed 
along the end faces 2 and 3, respectively, by forming inorganic material sheets 35 by 
shaping, into sheets, a slurry containing a shrinkage-inhibiting inorganic material, 
and stacking the inorganic material sheets 35 together with the first and second 
ceramic green sheets 7 and 8. In this case, the required thickness of the shrinkage- 
inhibiting layers 32 and 33 can be adjusted in accordance with the number of 
inorganic material sheets 35 to be stacked. 

Next, the green-sheet stack 31 is pressed in the sheet-stacking direction 
together with an elastic member by hydrostatic pressing, as described with reference 
to FIG. 1. In this case, since the opening portion 34 is formed in the shrinkage- 
inhibiting layers 32, the bottom face portion of the cavity 5 can be pressed easily. 

Next, the green-sheet stack 31 is fired. More specifically, a degreasing step is 
first performed in a normal oxidizing atmosphere in order to decompose and remove 
organic components contained in the green-sheet stack 31, and a main firing step is 
performed. It is preferable that a temperature of approximately 200°C to 600°C be 
applied in the degreasing step and that a temperature of approximately 800°C to 
1000°C be applied in the main firing step. This allows only the ceramic material 
contained in the first and second ceramic green sheets 7 and 8 to be fired. 

In the above firing process, the shrinkage-reducing pad 22 works to reduce 
shrinkage stress produced at the interface between the first ceramic green sheets 7 
and the second ceramic green sheets 8, and to thereby inhibit the end of the bottom 
face portion of the cavity 5 from being cracked. 

Since the shrinkage-inhibiting inorganic material contained in the shrinkage- 
inhibiting layers 32 and 33 is substantially not fired in the firing process, shrinkage 
will not occur in the shrinkage-inhibiting layers 32 and 33. Therefore, the ceramic 
green sheets 7 and 8 in the green-sheet stack 31 are shrunk only in the thickness 
direction in the firing process. Shrinkage in the direction of the principal surface can 
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be substantially avoided because it is restrained by the shrinkage-inhibiting layers 32 
and 33. 

In this way, a multilayered ceramic substrate can be obtained in a proper state 
by firing the green-sheet stack 31. In normal cases, the shrinkage-inhibiting layers 
32 and 33 are removed after the multilayered ceramic substrate is thus obtained. 

While the second ceramic green sheets 8 do not have an opening for forming 
the cavity in the embodiments described above with reference to the drawings, at 
least some of them may have an opening at a position not corresponding to the 
position of the openings 6 of the first ceramic green sheets 7. 

Description will be given below of experiments carried out in order to 
confirm the advantages of the present invention. 

First Example 

In the first example, a green-sheet stack having the structure shown in FIG. 1 
was produced and fired, thereby obtaining a multilayered ceramic substrate having 
the structure shown in FIG. 2. As the green-sheet stack, a multilayered mother stack 
was produced which could be divided into a plurality of multilayered ceramic 
substrates. 

First, in order to obtain a green-sheet stack of 100 mm square in plan view in 
which a plurality of cavities were distributed, first ceramic green sheets having a 
plurality of openings and second ceramic green sheets having no opening were 
prepared and stacked, and a shrinkage-reducing pad was formed by applying a 
shrinkage-reducing material paste containing a glass component onto the interface 
between the first ceramic green sheets and second ceramic green sheets. 

The softening temperature of the glass component contained in the shrinkage- 
reducing pad was less than or equal to the shrinkage starting temperature of the first 
and second ceramic green sheets. The area of the shrinkage-reducing pad is set to be 
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more than or equal to about 20% of the area of the principal surface of the first 
ceramic green sheet. The depth of the cavities was set at 300 jam, and the thickness 
of the shrinkage-reducing pad was set at 30 |um. 

Next, the whole green-sheet stack obtained as described above was put into a 
plastic bag together with an elastic member, and was vacuum-packed in the bag. The 
vacuum-packed green-sheet stack was put into a tank of a hydrostatic pressing 
apparatus together with a die, and was pressed at 2000 kgf7cm 2 at 60°C. 

After the pressed green-sheet stack was taken out of the bag, it was subjected 
to a degreasing step at 450°C for four hours and to a main firing step at 1400°C for 
twenty minutes while not being pressed. 

In this way, the multilayered mother stack to be divided into multilayered 
ceramic substrates having a cavity could be produced without causing cracking at the 
end of the bottom face portion of the cavity. 

Second Example 

In the second example, a green-sheet stack having the structure shown in 
FIG. 4 was produced and fired, thereby obtaining a multilayered ceramic substrate. 
As the green-sheet stack, a multilayered mother stack was produced in a manner 
similar to that in the first example. 

First, in order to obtain a green-sheet stack of 100 mm square in plan view in 
which a plurality of cavities were distributed, first ceramic green sheets having a 
plurality of openings and second ceramic green sheets having no opening were 
prepared. The ceramic green sheets had a composition containing a glass 
component. 

A shrinkage-reducing material green sheet having the same shape of the first 
ceramic green sheets was made of a shrinkage-reducing material containing a glass 
component which was to become a shrinkage-reducing pad. The glass component 
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contained in the shrinkage-reducing material was of the same type as the glass 
component contained in the ceramic green sheets. 

Inorganic material sheets containing a shrinkage-reducing inorganic material 
powder were made from a slurry containing alumina powder for forming shrinkage- 
inhibiting layers. 

Next, a green-sheet stack was constituted by the first and second ceramic 
green sheets, the shrinkage-reducing material green sheet, and the inorganic material 
sheets described above. That is, the green-sheet stack was produced by placing the 
shrinkage-reducing material green sheet between the first ceramic green sheets and 
the second ceramic green sheets in order to form a shrinkage-reducing pad 
therebetween, and placing the inorganic material sheets so that shrinkage-inhibiting 
layers sandwiched the first and second ceramic green sheets which were stacked with 
the shrinkage-reducing pad therebetween. In the green-sheet stack, the depth of the 
cavities was set at 300 \im, and the thickness of the shrinkage-reducing pad was set 
at 30 jLim. 

Next, the green-sheet stack obtained as described above was pressed in a 
manner similar to that in the first example. 

After the pressed green-sheet stack was taken out of a bag, it was subjected to 
a degreasing step at 450°C for four hours, and to a main firing step at 900°C for 
twenty minutes while not being pressed. 

In this way, the multilayered mother stack to be divided into multilayered 
ceramic substrates having a cavity could be produced without causing cracking at the 
end of the bottom face portion of the cavity. 

Comparative Example 

In this comparative example, a multilayered mother stack to become 
multilayered ceramic substrates having a cavity was produced by the same operations 
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as those in the first example except that a shrinkage-reducing pad was not formed. 
As a result, a crack having a depth of approximately 10 (im was produced at the end 
of the bottom face portion of the cavity. 

While the present invention has been described with reference to what are 
presently considered to be the preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On the contrary, the invention 
is intended to cover various modifications and equivalent arrangements included 
within the spirit and scope of the appended claims. The scope of the following 
claims is to be accorded the broadest interpretation so as to encompass all such 
modifications and equivalent structures and functions. 


